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Objective: To efficiently exploited the discarded egg-
shells and eggshell membranes. Methods: The discarded eggshells
was separated and collected. Used Fluent and EDEM coupling
simulation to study the flow field characteristic and particles traj-
ectory, which affected by structure parameters such as upper
outlet diameter and lower outlet diameter of the collecting barrel.

By analyzing flow field characteristic and capture rate of eggshells

as well as eggshell membranes, the size of collecting barrel was
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optimized. The top angle, the vacuum of suction machine, the
feeding inlet air velocity, the solid load of feeding inlet were used
as the test factors. The recovery rates of eggshells and eggshell
membranes were used as the two evaluation indexes. The experi-
ments of collecting eggshells and eggshell membranes were per-
formed and optimized. Results: The simulation showed that an
appropriate decrease of the diameter of the upper and lower
outlets will lead to more loss pressure drop in the cylinder, and
increase the tangential velocity in the cylinder. When the upper
outlet diameter was 0.4D (D is the diameter of the cylinder) and
the lower outlet diameter was 0.5D, the capture rate of eggshells
and eggshell membranes was the highest. The test results showed
when the cyclone top angle was 45°, the solid load rate was
1000 g/s, the feeding inlet air velocity was 4. 64 m/s, the
vacuum of suction machine was 336.61 Pa, the eggshell mem-
branes recovery rate was 92.94% , and the eggshells recovery rate
was 97.90%. Conclusion: The vacuum of suction machine and the
feeding inlet air velocity mainly affect the flow field in the collec-
ting barrel, and the solid load will cause different interactions be-
tween materials. After the experiment and simulation analysis of
the factors that affect the collecting effects, the optimal level
combination of factors is obtained. With the combination of these
factors, the recovery rates of eggshell and eggshell membrane are
higher, and the collecting device has a good effect.
Keywords: poultry egg; eggshell; eggshell membrane; cyclone
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Cyclone device to collect eggshell membranes

Figure 1
and eggshells
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The static pressure distribution cloud diagram
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MY ERET S ERNRS Ett 96.657 : 3.043
J_%Tﬂ‘]’j/w%’wizh( A PR K I 4 i i
(e N o o B % ¢ A R R S -
TR A B 1) AR IR A e 1 BT, SR 2 RS AR SE I TRl
Z 5 < A SERURL R ARYE L Dy 0.5~2.5 mm, B RN
8.2~9.3 m/s; H LKL B A2 S BN 3.0~7.0 mm, & iF
WA 1.8~2.3 m/s,

4.2 REIFM IR

4.2.1 EBEECRMTIR R RS B R A
mXIOOA, 4)
A

M*E%Hﬁ?ﬁ%%ﬂ‘]%lﬁi.g:

Eﬂﬁﬁ E’Jf@«%i“ ol IH&(K}J

my

Y, =—X100%, (5)
m,

7 :Qix1w/& (6)
m

Favis o

m, %1 mol/L MLiEFﬁﬁ; H.g;
EXMAEALTENERTE (n, =
0.030 43M) .g.

my

m.

4.2.2 EFRFEWCRMITE A EEWERT SR
=Ry SR R T TR M ER TN my,



&M | Vol.38, No.7

S R MU I R R o ST R m, B 2
WRY ik I TGk WO DA Ry 22 8 XA TR I SR 7 B
my, o H5EHECER A LIRR A

1\41(*7)11(2 —my,

= M, X 100% . (7
Eve e

M, HEA 3 Ve B8 Y 858 BT L g5

e I & [ 4R 52 iR, 6

iy 2 (6) T 1%

my, = (=Y Xm,, (8)

PR, 25 1 Bl 3 i) 2R o
B (1—Y X, My

k= M, M, 9
Favl; L
my, /My DA FEERNEL S EELN
B L E0.011~0.034,
4.3 WA R
4.3.1 IEZIRE  DUAE AN AR 5T 0 R AR i 5 4

K o LA A3 00 1 THL A B L 6 10 JRUE L 0 JRUBIL 47 L [ K 71
fif 2R I IR 3R, AR 9T 45 3 0 TR 3R % JE IR G 1 2k 5T
8 1 AR 9 S 0 . AR B O L 3 36 % i 3 58 9 ik
B A B KO B L 26 2, 3 3 A8 0 A5 0 T % R 2 B S
JRHIL I 8 39 /N 30 i 572 328 56 vl 2% ok 10 DR 3 AR IR R AL
R TN

M3 3 R B 2R 5T I B Y i K S A R
ABiCoDy, 5 M R B WU R B ROk R A AN
A,B;C, D, HF IR B0 48 b5 19 E W B Z P #8 B.C. D,
Ao SHRI AT IALER A 43 BT - 5 0 5% 1l e 3848 B (19 AL
TR 0.30 5% Wi B 71 g 256 48 A% (14 A B 0.70 , U] 5% i 54 45 A
B ER M ZHFE  BL.C.DUA, HJ AT UL, W XL 17 A
PeORE ORI o 2E 5E 5 A SR Y LR R R B
4.3.2 Z“YGEAMEFASIRE s REER W)
AL G B A%k O RGE C X B 18 4 82 52 3] 45 3% 4k
I AL S P S A ol B 2 RIS 36 A 1 D i R fl ok
S, BIAE 5 RE 43 Gk £ HE T AR B 45°, [ 4R R R O
1000 g/s [T % B8 32 B 5% i A 3R W XUBL £ 6 A 3%
HRH 1T XU HE X 3 56 8 A e [0 00 238 R 03 %6 1Y 52 ) A
TR GE e e AR R

F2 REERKE

BRARE - BEXBEEKSERESHML

i#i 17 Design-Expert 8.0.6 B {F X 4 11 58 $5 95 2k
T30, 3R-AG T & A B 2800 28 JI5E ol i 38 4k 56 [l Wie 5 Y
. & A ENH TR AR

7w = 90.372 355 — 0.017 524X, + 3.946 33X, —
0.000 021 125 7X%—0.343 29X}, (10)

7. =91.230 139 —0.005 026 05X, +3.523 43X, —
0.001 911 37X, X,-+0.000 002 049 7X}—0.243 57X},

(1D

A

o R

n——E R, %

X — W XML % . Pas

Xo— %8 0 X m/s,

Xf bR ok A Oy B HEAT 7 22 20 4 F [ E AR S
PERIT G5 R ILR 5 MK 6.

Table 2 Level of experimental factors
KT AT BURAL  C RO R/ D s g2/
B/ fUE/Pa (mes D (ges™®
1 30 100 4 800
2 45 300 6 1 000
3 500 8 1 200

x3 EXRBAREER

Table 3 Orthogonal test plan and result analysis
- A B c 72 I 5 [l it
/% /%
1 1 1 1 1 98.35 89.76
2 1 1 2 2 98.63 89.99
3 1 1 3 3 98.51 88.87
4 1 2 1 1 97.11 91.14
) 1 2 2 2 97.24 91.64
6 1 2 3 3 96.94 89.43
7 1 3 1 2 96.66 91.96
8 1 3 2 3 96.67 92.48
9 1 3 3 1 96.44 91.58
10 2 1 1 3 98.27 89.50
11 2 1 2 1 98.56 90.94
12 2 1 3 2 98.54 89.05
13 2 2 1 2 97.13 90.92
14 2 2 2 3 97.72 91.36
15 2 2 3 1 97.48 90.33
16 2 3 1 3 96.24 91.67
17 2 3 2 1 96.43 92.16
18 2 3 3 2 96.51 92.87

7 [ g 2%
96.49 97.40 97.39
R 0.04 1.99 0.25 0.06
k1 90.72 89.69 90.83 90.99
n ks 90.98 90.80 91.43 91.07
JIE& [ i 2%
ks 92.12 90.36 90.55
R 0.26 2.43 1.07 0.52
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Table 4 Arrangement and results of quadratic universal rotary assembly experiment

YR X X X: X X, Xt X3 EREER/ % R RER %
1 1 1 1 1 1 93.15 96.44
2 1 1 —1 —1 1 1 92.96 96.75
3 1 —1 1 —1 1 1 91.08 97.36
4 1 —1 —1 1 1 1 91.88 98.57
5 1 1.414 0 0 2 0 92.89 96.62
6 1 —1.414 0 0 2 0 91.25 98.84
7 1 0 1.414 0 0 2 91.07 96.47
8 1 0 —1.414 0 0 2 92.02 96.89
9 1 0 0 0 0 0 93.26 97.76
10 1 0 0 0 0 0 92.79 98.03
11 1 0 0 0 0 0 93.43 97.84
12 1 0 0 0 0 0 92.98 97.43
13 1 0 0 0 0 0 93.24 97.37
R5 EERKERFESF k6 EEEKRAFESH
Table 5 Analysis of variance of membrane collecting rate Table 6 Analysis of variance of eggshell collecting rate
SRR FIR AmE B F {8 P g BRI CPOM HERE ¥r F {8 P {H
i 8.48 5 170 14.24  0.001 5% * Fi 98 6.62 5 1.32  14.87  0.001 3~ "~
X1 3.74 1 3.74 31.41 0.000 8* * * X 4.32 1 4.32 48.54 0.000 2* *~*
X 0.48 1 0.48 4.01 0.085 4 * Xz 0.01 1 0.01 0.13 0.727 6
X1 Xy 0.25 1 0.25 2.06 0.194 5 X; X3 0.58 1 0.58 6.49 0.038 3**
X7 1.23 1 1.23 10.31 0.014 8** X1 0.01 1 0.01 0.13 0.729 3
X3 3.24 1 3.24 27.22 0.001 2* X3 1.63 1 1.63 18.33 0.003 7
% 0.83 7 oaz@mE 0.62 7 o090
F 0.58 3 0.19 3.00  0.158 3 L1 0.31 3 0.10 1.32 0.384 2
R 22 0.26 4 0.06 R 0.31 4 0.08
payiil 9.31 12 A 7.24 12

Tox % x FARMEBE(P<0.01); x * £REE0.01<P<
0.05) 3 * TARKEF(0.05<<P<0.10),

WAL ER 5 MR 6 [y AR K AT R ST Y
IE] Wi A A T A 3l L P < 0,01, 3R 7R A Y Y []) 2K 2 i A
TR B S AT R 1 3 (P >0.05) , 13 WA R T
LA B I U5 7 R o A S e XL 97 s Ak o 1T
5 5 [ S AR AR 2 ] Y R AR

Hy B 13 Ca) T 2 3 10 XU — 5 I 0 XU AL 6
7 e o I A T B R 2 0 UL T — R I i
Ak T JXUTER ey 8 A IR T o A 5T 9 R D o R [l i
SR D phy T IOREXUE I PR 2 5 BOBOR Y IR BR B 2R
76— 58 A BEWRE T 7 o E 1005 M 2 M [ i

H B 13 Ch) AT 2 W UL 67 JE — 5 1 Bt 25 ORE 1
JRGH AR 2 2 7 R G g el o R O XU —
IS i 2 W XUBIL 6 T o R 390 17 2 7 19 T i 2% 5fg bR o ek 2

T ox x FORMP (P <C0.01); » % FiR BF (0.01<<P <<
0.05) 5 * KR 52 (0.05<<P<C0.10),

GG . RS AR P D R T R R K —
RE BT o 23 (R AR /DN 09 2 5 B IR I A8 L S B e i [
WP AR
4.3.3 SR R T B AR ST BICR L (5 1)
Design-Expert 8.0.6 ¢ 4 £k ma i gy fiA< #1, R 2 H
i FOAE ST BRI X LA 1 1813 7 R HE AT S B A 15
AR A 52 AT R 5 B TR R 1 S B

HAR R F OO =— 5

PEREA R M . G (XD = 9, =93

JE S A8 444 : 100<< X, <500

ORI B A AR 4<<X, <85

B BA A R X, =336.61, X, =4.64, B % R AL
i FE 336.61 Pa A3k R CRGE 4.64 m/s . e 284 &
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Figure 13
it Ji H’Jﬂ%l}ijﬂ N = 93.00%0 9, =97.89% .
4.3.4 R SUARIE RIS R, S IOE 22K 5
i B HERT A A5° A ST 2 1 000 g/s AR5 1

W RUHIL B A0 3% ek 10 IR A g il 0 A 1 8 5 IR R R
VESE 56, 5% B [a] gig 26 55 3% B [l i 38 43 O3] Oy 92.94%,
97.90 % , 5 [\1H 430 #7 Ak 25 AR . KB AL T 15
5 &g

Sy SE B 6 A ST A TR LT R R B OEH r  )E
1) A 5E A AR TR A5 W 43 8 A ok AT S B A B N A
H . SR T X S5 3 26 B 433 345 25 5 A0 25 L Gl 2o O [
A7 AR5 & PR ALK JG 1 20 18 2 B A 1 1Y
RORARLF . M@ EEA D, Bl DE&% 0.4D,F
HEAEN 0.5D W, 8 7¢ A AL 5 040 T00 A B3 XL
BLAR H iRk XU ] 4% 67 7 4 2 5 el 2 57 A 8 R [l i
R E TR, I8 A UM 457, B K L fr R oy
1000 g/s.3% B 0 & 464 m/s, Wl KHL &
336.61 Pa B, 75 B W1 I 26 g 92,94 %, B 76 [ i % 1] 3k
97.90% » /AR I AT T BT 4 2k 5 B AE AR TH AR
T BB I B, 5 T LA ABLE 1 gl A 2% ) 7 20 AR T 240
FE o AT PR ARR 40 B Bl AR
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